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Optical Design of Wide-viewing-angle Spherical Retroreflector
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(1 Department of Optic and Electric Engineering » Changchun University of Science and Technology »
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Abstract; Two-layer spherical retroreflector which is based on one-layer spherical retroreflector was
proposed. On the basis of the object-image relationship of refracting spherical surface and ray tracing
theory in vector field, the interrelation between refraction index and radius of curvature of each layer was
figured out, the relations among divergence angle, incident height and spherical aberration were induced.
Two-layer spherical retroreflector and its improved form were designed by ZEMAX, the field of view
angle is £60°, and the working wavelength is 632. 8 nm. The root mean square spot diameters of the two
kinds of spherical retroreflectors in different fields are all less than Airy disk diameter 4. 632 pm, and the
maximum values of spherical aberration is only 0. 045 mm, which means that the largest divergence angle
of the reflected light is less than 0. 1 mrad. The simulation results show that, the luminous flux that the
reflected light reaches on the receiver respectively can approach 48. 769 Im and 44. 249 Im , the incident
luminous flux is 54. 594 Im, so the reflected efficiencies respectively are 89. 33% and 81. 05%.

Key words: Spherical retroreflector; Vector field; Ray tracing; Spherical aberration; Luminous flux;
Reflected efficiency
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Fig.1 Two-layers spherical retroreflector
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(a) Relation between divergence angle and incident height
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(b) Relation between divergence angle and spherical aberration
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Fig. 2 Relations of divergence angle and incident height

and spherical aberration
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(b) Improved two-layers spherical retroreflector
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Fig. 3 2D Layout of optical system
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Table 1 Parameters of spherical retroreflector

N Improved
Two-layers
) two-layers
Parameters spherical :
spherical
retroreflector
retroreflector
Outer radius/mm 29. 956 11.630
Outer refractive index 1. 90 1.76
Inner radius/mm 15.784 5. 850
Inner refractive index 1.95 1. 54
Spherical reflecting radius/mm Invalid 21.019
Field of view/ (%) +60 +60
Focal length/mm 30. 000 21.000
F number 4. 277 3.002

a0 B 40 W R G TAERE KT &L ik 22(E
£ —0.025 mm~—+0. 035 mm 2 8] {9 25 1k, I i1
WER 22 N —0.022 mm, H 0 BR 22 4 +0.034 mm, 1E
0. 7074 BRZE AL IE R 0 mm; [&] 5 Ca) 44> 3 11 1051
45 A W35 i 5 B 2P AR 0 3 5 MR { (Root Mean
Square, RMS) #J3E it /N F 3 B BE 2 4% (3. 302 pm).
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(b) Improved two-layers spherical retroreflector
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Fig. 4 Spherical aberration curve of optical system
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(b) Improved two-layers spherical retroreflector
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Fig. 5 Spot diagram of optical system
ZAEAF —0. 018 mm~ +0. 006 mm 2 [a], H il
G ER 2 M 10,001 mm, 0 ER 22 —0. 018 mm, 78
0. 7077 BRZEKLIE N 0 mmi; & 5(h) g &AWL 1 151
L& I s B AR 19 RMS {E /8 T 4. 632 ym
CCRBEEHR.

3 FRED{FEHZR

DB 38 $2 T A ol e DSORGB O
) 390 S KRR A S BROE 3 S 33 A% TAE PR RE Y B = 2 6
£ FRED i ffj B 5L 3R0% 396 5 9 48 10 S5 b T AR R
T BR T B8 A o 3 3 I, 3 S RO 96 00, Ja BRI 4 4 )R
FBF R, — 2 R B R 97 %0 By R . % JR R
632. 8 nmi . 5 AR L it B2 b Xt O D R gk AT T A
— AL (P=1 W). 435 2% 8 1 & i (1) PG F K [R) 285 44 7 =X
(9 BRIE 3380 B A3 45 7E 25 A~ 40 37 422 Wi £ 31 BT P 380 ik 42 Wi e
G 0, L R OGE B @, By R ROR
(@ /@), Hoh Al 3 B R G O O R B #)
SEEECTE 6 & @, = 54. 59446 (lm) . {)j B A #1125
WL 2.

K2 HEFERHBEHNHEEMER

Table 2 The simulation results of the spherical retroreflectors

Improved

Two-layers woul ]

Field of view Parameters spherical wo a?fers

spherical

retroreflector
retroreflector

o @' /Im 48.76908 44. 24649

7 89.33% 81.05%

. @' /Im 48.76908 44. 24690
15

7 89.33% 81.05%

. @' /Im 48.76908 44. 24828
30

7 89.33% 81.05%

. @' /lm 48.76908 44. 24922
45

7 89.33% 81.05%

. @' /Im 48.76908 44, 24942
60

7 89.33% 81.05%
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